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Abstract 
Iron plaque often forms in the root surfaces of aquatic and terrestrial plant species. However, little is known about the role of iron 
plaque in controlling phosphate (P) movement from soil or water to the aboveground part of a wetland plant. This study, based on a 
constructed wetland model system, systematically investigat-ed the influence of iron plaque on phosphorus uptake by and 
accumulation in a typical wetland plant named as Pilea cadierei. Plants were treated with Fe and P at a loading rate of 0,500 or 
1000mg Fe kg-1 soil and 0, 5, 10, 50 or 100mg P L-1 simulated waste water. Study results demonstrated iron plaque on the root 
surface is not a barrier to P uptake & translocation within Pilea cadierei, and iron plaque concentrations in 
Dithionite-Citrate-Bicarbonate (DCB) extracts were significantly affected by the input level of P and Fe. Moreover, the P 
concentration in DCB-extracts and in roots and shoots were also significantly affected by the input level of P and Fe. Higher 
loading level of Fe and P renders iron plaque a higher capacity to adsorb phosphorus. 
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1.Introduction  
Iron plaque often forms on the root surface of a variety of aquatic and terrestrial plant species [1-3], and is 
considered to be a consequence of ferrous iron transformation to ferric iron by oxidation, and subsequent precipitation 
of iron oxide on the root surface, involving radial oxygen loss from plants [4-5] and biological oxidation [6-7]. Recent 
years have seen an increasing number of studies focusing on the mechanisms of iron plaque formation on the root 
surface [8].However, the process controlling iron plaque formation remain unclear at this stage. Furthermore, although 
the role of iron plaque in controlling the uptake of nutrients and heavy metals have been investigated for several plant 
types including rice [9-11], no study has been conducted on   wetland plants [12-13]. There is little information 
available on the quantitative relationship between the quantity of iron plaque and P concentrations [14-15]. 
Phosphate is an essential nutrient for growth of all organisms. However, large-scale use of P-rich chemicals such as 
chemical fertilizers and detergents and subsequent entry of these pollutants into lakes, rivers and coastal areas through 
domestic sewage discharge and agricultural wastewater flow has constituted a major cause of eutrophication [16].  
Previous studies have implied that wetland plants may be a good tool for remediation of phosphorus contaminated 
water and soils [17]. In this   study, we looked at the possibility of using Pilea cadierei as a material of constructed 
wetland for environmental remediation. 
Pilea cadierei was selected because of its great growth rate, wide distribution, resistance to low temperature, and 
good adaptability to ambient environmental changes. The plant, originated from the mountainous area of the central 
Vietnam, is now cultured in many greenhouses worldwide, due to its suitability to a wide variety of soil types, and 
strong resistance to slightly alkaline and highly moist environment.  
Wetland plants have a dense root network in the upper layer of wetland sediments and are capable of 
pumping, when submerged in water, oxygen to their roots for respiration [18].Thusly, oxygenation by the 
rhizosphere of wetland plants leads to precipitation of iron-oxides in the rhizosphere and on the roots of 
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plants [8,19]. Due to high P adsorptive capacity of iron hydroxides, iron plaque formation on root surface of 
aquatic plants might play an important role in the uptake of P by the plant. In this study we investigated the 
uptake of P and Fe in Pilea cadierei and their interactions with PO43- and Fe ions. The contribution of iron plaque 
formation to the phosphorus uptake has also been discussed. 
2.Materials and methods 
2.1. Plant cultivation 
Pilea cadierei (Daxin Flower market, Ya’an, P.R. China) was rinsed by tap water, already stored for one day in 
stilly situation, to get rid of the dirt from the root. The plant was then air dried under natural ventilation conditions for 
10 minutes, after which the weight, height, P content in the underground part of the plant, and iron oxide content in the 
root surface were measured. The experiment was completed in the Provincial Key Laboratory of Agricultural 
Environmental Engineering at Sichuan Agricultural University. All the plants were grown in a light-and-temperature 
controlled green-house with a light exposure duration of 14 hours and lightless duration of 10 hours for each day, a 
light intensity of 120-150μEm-2·s-1, 70% humidity, and a temperature of 22°C and 20(±2)°C respectively for day and 
night. 
2.2.Experimental Setup 
The experimental modeling of vertical-flow constructed wetland with Pilea cadierei was carried out in a plastic 
bucket, with a height of 14cm and a diameter of 20cm in the upper opening and 16cm in the bottom. Water pipes were 
laid on the bucket bottom. The purple soils used for experiments were taken from the Garden Area of Teaching & 
Research at Sichuan Agricultural University.  
2.3.Experimental Design 
Experiments started on 25th July of 2010. Pilea cadierei in comparable growing situation were organized into three 
groups and cultured in three different types of the constructed wetland, respectively, without iron(Fe0), with 500mg 
iron/kg soil (Fe500), and with 1000mg iron/kg soil (Fe1000) (iron ions provided by FeSO4). Each bucket was planted 
with 8 plants with an initial plant weight of approximately 40g. The plant was then stabilized in tap water for 15 days. 
For each group of plants, P was applied at a concentration gradient of 0, 5, 10, 50, and 100mg/L (respectively denoted 
as P0, P5, P10, and P100). The P application started on the 7th of August and an interval of 7 days was maintained 
between every two P input. P-containing wastewaters were made with KH2PO4 (99.5% purity). Each time before P 
input, the residual wastewater in the bucket from the previous week was extracted and then 0.8L wastewater was 
added. The system has a hydraulic loading of 0.04m/d. Distimmed water was added to supplement water lost from 
evapotranspiration during the experimental period to maintain a constant water level in the bucket. Each experiment 
was conducted in quadruple to allow the experimental error to be assessed.        
2.4. Sample preparation and chemical analysis 
On the sixth week of P application, all the plants were measured and harvested, and then wet-weighted. Iron plaque 
on fresh root surfaces was extracted using dithionite-citrate-bicarbonate (DCB) following the procedure described in 
[1] and [20]. The whole root system of Pilea cadierei was incubated for 30min at room temperature(20-25°C) in 30ml 
solution containing 0.03molL-1 sodium citrate(Na3C6H5O3•2H2O) and 0.125 molL-1 sodium bicarbonate(NaHCO3) 
with the addition of 0.5g sodium dithionite(Na2S2O4).Roots were rinsed three times with deionized water added to the 
DCB-extracts. The resulting solution was made up to 50ml with deionized water. After DCB extraction, roots and 
shoots were oven-dried at 70°C for 72h and then weighted. Iron content in the extracted liquids was measured by a 
Flame Atomic Absorption Spectrometry (novAA300Analytik Jena AG，Germany). Phosphate in the extracted liquids 
was degraded with H2SO4—HClO4 and measured with a Mo-Sb colorimetry (722S type spectrophotometer, Shanghai, 
P.R. China).Mass of iron film and adsorbed P on the root surface was quantified by calculating the ratio of iron & 
phosphate in DCB extract to the dry weight of the root after DCB extraction, respectively (in the unit of gram per 
kilogram root in dry weight; abbreviated as g/kg).   
The adsorbed quantity of P from the wetland is an important parameter directly reflecting the purifying potential of 
the plant. The plant sample was oven-dried and its above- and under-ground parts were crushed separately. A mass of 
0.3g (from the aboveground part) and 0.5 g (from the underground part)  of the crushed sample was  loaded into a 
300ml digestion tube and the P content in each part was measured by the 
H2SO4—H2O2digestion-Vanadae-Molybdate-Yellow Colorimtry. 
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2.5. Data analysis 
Data were analyzed by two-way ANOVA using the SPSS statistical package (version 13.0 for windows). Data 
presented are means±one standard deviation (n=4), and were tested by least significant difference (LSD) at a 
5% level. 
3.Results and discussions 
3.1. Influence of P and Fe treatment on iron plaque of plant surfaces 
At harvest, roots surface of Pilea cadierei appeared reddish, indicating the formation of iron plaque on root surface. 
The color of the iron plaque differed among treatments, i.e. an increase in Fe supply led to a darker red color in the 
iron plaque.  
TABEl I. ANALYSIS OF VARIANCE (TWO-WAY ANOVA) FOR FIGURE. 1 AND FIGURE. 2. 
 DCB-Iron DCB-P Root-P Shoot-P 
P p＜0.001 P=0.001 p＜0.001 p＜0.001 
Fe p＜0.001 P=0.001 p＜0.001 p＜0.001 
P×Fe p＜0.001 P=0.011 p＜0.001 p＜0.001 
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Figure 1 Iron plaque concentration in DCB-extracts of roots surface of Pilea cadierei with various levels of Fe and P. Error bars show one standard 
deviation (n=4). 
Iron concentrations in DCB-extracts were significantly affected by P and Fe loading levels (Table 1, p＜0.001). 
The iron concentrations in DCB-extracts were significantly higher with than without Fe addition. With increasing P 
supply, iron concentrations decreased in absence of Fe input but increased in presence of Fe loading (Figure.1).In 
general, the iron concentration in DCB- extracts was higher at Fe1000 than Fe500 and big difference in iron 
concentration in DCB-extracts occurred for different P input levels. However, findings on the impact of P treatments 
on iron concentrations in plant often showed inconsistency [21]. This is at least partly accounted for by the fact that 
plant properties may differ and particularly, Fe2+ concentrations in soil may vary over a wide range [22].The results 
that iron concentrations increased significantly with increasing Fe input level is consistent with previous 
studies[10,23].  
3.2 P concentrations in DCB extracts, roots and shoots 
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Figure 2 P concentrations in DCB-extracts on the root surface, in the roots and in the shoots of Pilea cadierei with various levels of Fe and P input. 
Error bars show one standard deviation (n=4). 
The P concentration in DCB-extracts, roots and shoots were significantly affected by P and Fe input levels (Table 1 
and Figure. 2). At Fe1000, the P concentration in  
DCB-extracts increased significantly with increasing P supply level. P appearing in DCB extracts from the test 
where no P was added to the soil is likely to be from the background P in the soil used. The DCB-P at P50 and P100 
were significantly higher than that at P0、P5 or P10 and the P concentration in DCB extracts increased with increasing 
Fe input concentrations at P100. It showed that high Fe and P supply level rendered iron plaque a high capacity for 
adsorbing phosphorus. This may be attributed to that the supplied Fe may promote the formation of iron plaque and 
the enrichment of phosphorus around roots, thusly rendering the roots a higher phosphorus adsorption capacity [7]. In 
general, P concentrations in roots were higher than that in shoots and in DCB extracts. Based on this it can be inferred 
that root tissues may be the main barrier preventing P movement from roots to shoots. Published studies also showed 
that root tissue is important in preventing metal(loid)s, i.e., arsenite, from entering the plants [24]. 
4.Conclusions 
Our results suggest that iron plaque on the root surface is not a barrier to P uptake and translocation within Pilea 
cadierei, a type of wetland plant, and iron plaque concentrations in DCB-extracts were significantly affected by P and 
Fe concentrations in soil. Moreover, P concentration in DCB-extracts and in roots and shoots were also significantly 
affected by P and Fe concentrations:  higher Fe and P input concentrations lead to a higher capacity of iron plaque in 
adsorbing phosphorus. Meanwhile, Pilea cadierei may be more effective in removing P from Fe-rich soils. This 
suggests that for iron-rich soils, it is possible to construct artificial wetland using Pilea cadierei for remediating the 
soil and water polluted by phosphate. 
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